SPECIFICATION 
REFRIGERATION CYCLE APPARATUS 

TECHNICAL FIELD 

The present invention relates to a refrigeration cycle 

apparatus using carbon dioxide as refrigerant and having a 

compressor, an outdoor heat exchanger, an expander and an indoor 

heat exchanger. 

BACKGROUND TECHNIQUE 

A flow rate of refrigerant which circulates through a 

refrigeration cycle apparatus is all the same in any points in 
a refrigeration cycle. If a suction density of refrigerant 
passing through a compressor is defined as DC and a suction 
density of refrigerant passing through an expander is defined 
as DE, the DE/DC (density ratio) is always constant. 

In recent years, attention is focused on a refrigeration 
cycle apparatus using, as refrigerant, carbon dioxide (C0 2 , 
hereinafter) in which ozone destroy coefficient is zero and 
global warming coefficient is extremely smaller than Freon. 
The C0 2 refrigerant has a low critical temperature as low as 
31.06°C. When a temperature higher than this temperature is 
utilized, a high pressure side (outlet of the compressor - gas 
cooler - inlet of pressure reducing device) of the refrigeration 
cycle apparatus is brought into a supercritical state in which 
C0 2 refrigerant is not condensed, and there is a feature that 
operation efficiency of the refrigeration cycle apparatus is 
deteriorated as compared with a conventional refrigerant. 
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Therefore, it is important for the refrigeration cycle 
apparatus using CO2 refrigerant to maintain optimal COP, and 
if an operating condition is changed, it is necessary to obtain 
an operating state (pressure and temperature of the 
refrigerant) which is optimal to this operating condition. 

However, when the refrigeration cycle apparatus is 
provided with the expander and power recover by the expander 
is used as a portion of a driving force of the compressor, the 
number of rotation of the expander and the number of rotation 
of the compressor must be the same, and in the expander which 
is designed optimally with a predetermined density ratio, it 
is difficult to maintain the optimal COP when the operation 
condition is changed. 

Hence, there is proposed a structure in which a bypass 
pipe which bypasses the expander is provided, the refrigerant 
amount flowing into the expander is controlled, and the optimal 
COP is maintained (see patent documents 1 and 2 for example) . 
[Patent Document 1] 

Japanese Patent Application Laid-open No . 2000-234814 
(paragraphs (0024) and (0025) and Fig. 1) 
[Patent Document 2] 

Japanese Patent Application Laid— open No ^ 2001— 116371 
(paragraph (0023) and Fig. 1) 

However, there is a problem that as a difference between 
an amount of refrigerant which flows into the expander and an 
optimal flow rate in terms of design is increased, an amount 
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of refrigerant flowing through the bypass pipe is increased and 
as a result, power which could have been recovered can not 
sufficiently recover . 

If the power recover by the expander is used as a driving 
force for an auxiliary compressor which is different from the 
compressor, it is possible to eliminate the constraint that the 
number of rotation of the expander and the number of rotation 
of the compressor must be the same. However, even if the 
auxiliary compressor is driven by the expander, the constraint 
that the density ratio is constant is still remained, and it 
is still necessary to control the amount of refrigerant which 
flows into the expander. 

Thereupon, it is an object of the present invention to 
reduce the constraint that the density ratio is constant as 
small as possible, and to obtain high power recovering effect 
in a wide operation range. 

It is another object of the invention to introduce high 
pressure refrigerant in a halfway of the expansion process to 
increase the flow rate of refrigerant per one expansion process, 
thereby recovering power efficiently. 

SUMMARY OF THE INVENTION 

A first aspect of the present invention provides *a 

refrigeration cycle apparatus using carbon dioxide as 

refrigerant and having a compressor, an outdoor heat exchanger, 

an expander and an indoor heat exchanger, wherein an injection 
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circuit for introducing high pressure refrigerant is provided 
in a halfway of an expansion process of said expander. 

According to this aspect, when it is necessary to 
increase the flow rate of refrigerant without changing the 
number of rotation of the expander, it is possible to increase 
the flow rate of refrigerant per one expansion process by 
introducing refrigerant from the injection circuit, and it is 
possible to recover power efficiently. 

According to a second aspect of the invention, in the 
first aspect, the apparatus further comprises an adjusting 
valve for adjusting an amount of refrigerant from the injection 
circuit. By controlling the amount of refrigerant from the 
injection circuit, it is possible to optimally adjust the amount 
of refrigerant per one expansion process, and to recover power 
efficiently. 

According to a third aspect of the invention, in the first 
aspect, the expander is provided at its refrigerant-inflow side 
with a pre-expansion valve. When it is necessary to reduce the 
amount of refrigerant without changing the number of rotation 
of the expander, it is possible to reduce the flow rate of 
refrigerant per one expansion process by reducing the opening 
of the pre-expansion valve. 

According to a fourth aspect of the invention, in the 
first aspect, the expander is provided at its 
refrigerant-inflow side with a sub-expander. By pre-expansion 
is carried out by the sub-expander, it is possible to adjust 
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a state of refrigerant in the inlet of the expander, and to 
optimally adjust the amount of refrigerant flowing through the 
expander. Therefore, it is possible to efficiently recover 
power in the expander, and to recover the expansion power also 
in the sub-expander which carries out the pre-expansion. 

According to a fifth aspect of the invention, in the first 
aspect, the expander is provided at its refrigerant-outflow 
side with a sub-expander. It is possible to additionally expand 
by the sub-expander, and to optimally control the pressure in 
the outlet of the expander. Therefore, it is possible to 
efficiently recover power in the expander, and to recover the 
expansion power also in the sub-expander which carries out the 
additional expansion . 

According to a sixth aspect of the invention, in the forth 
or fifth aspect, an electric generator is connected to the 
sub-expander . 

By changing torque of the electric generator of the 
sub-expander, it is possible to change the amount of refrigerant 
flowing through the sub-expander, and to adjust the amount of 
refrigerant flowing through the expander such that the optimal 
COP can be obtained. 

According to a. seventh aspect of the invention, in any 
of the first to fifth aspects, power recover by the expander 
can be used for driving the compressor. 

According to an eighth aspect of the invention, in any 
of the first to fifth aspects, the compressor is provided at 
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its suction side or discharge side with an auxiliary compressor, 
and power recover by the expander can be used as power for driving 
the auxiliary compressor. 

According to a ninth aspect of the invention, in any of 
the first to fifth aspects, the apparatus further comprises a 
first four-way valve to which a discharge side pipe and a suction 
side pipe of the compressor are connected, and a second four-way 
valve to which a discharge side pipe and a suction side pipe 
of the expander are connected, and refrigerant discharged from 
the compressor is selectively allowed to flow into the indoor 
heat exchanger or the outdoor heat exchanger by the first 
four-way valve, a direction of refrigerant flowing through the 
expander is always set in the same direction by the second 
four-way valve. According to this aspect, the first to fifth 
aspects can be utilized as a cooling and heating air 
conditioner . 

According to a tenth aspect of the invention, in the 
eighth aspect, the apparatus further comprises a first four-way 
valve to which discharge side pipes and suction side pipes of 
the compressor and the auxiliary compressor are connected, and 
a second four-way valve to which a discharge side pipe and a 

Suction S"i H P T> i np nf t-hp (*ycTr>ar\r\e*r a -r<=a rnnnprt-oH 3nH raf r-l rror^nf 

discharged from the compressor and the auxiliary compressor is 
selectively allowed to flow into the indoor heat exchanger or 
the outdoor heat exchanger by the first four-way valve, a 
direction of refrigerant flowing through the expander and the 
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sub-expander is always set in the same direction by the second 
four-way valve. Therefore, the eighth aspect can be utilized 
as a cooling and heating air conditioner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a structure of a heat pump type cooling and 

heating air conditioner according to an embodiment of the 

present invention . 

Fig. 2 shows a structure of a heat pump type cooling and 

heating air conditioner according to another embodiment of the 

invention . 

Fig. 3 shows a structure of a heat pump type cooling and 
heating air conditioner according to another embodiment of the 
invention . 

Fig. 4 shows a structure of a heat pump type cooling and 
heating air conditioner according to another embodiment of the 
invention . 

Fig. 5 shows a structure of a heat pump type cooling and 
heating air conditioner according to another embodiment of the 
invention . 

Fig. 6 shows a structure of a heat pump type cooling and 
heating air conditioner according to another embodiment of the 
invention . 

Fig. 7 shows a structure of a heat pump type cooling and 
heating air conditioner according to another embodiment of the 
invention. 
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Fig. 8 shows a structure of a heat pump type cooling and 
heating air conditioner according to another embodiment of the 
invention . 

Fig. 9 shows a structure of a heat pump type cooling and 
heating air conditioner according to another embodiment of the 
invention . 

Fig. 10 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 11 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 12 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 13 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

PREFERRED EMBODIMENTS 

A refrigeration cycle apparatus according to an 

embodiment of the present invention will be explained with 

reference to the drawings below. 

Fig. 1 shows a structure of the heat pump type air 
conditioner of the present embodiment. 

As shown in Fig. 1, the heat pump type air conditioner 
of this embodiment uses C0 2 refrigerant as refrigerant, and has 
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refrigerant circuit. The refrigerant circuit comprises a 
compressor 1 having a motor 12, an outdoor heat exchanger 3, 
an expander 6 and an indoor heat exchanger 8 which are all 
connected to one another through pipes. 

The expander 6 is provided at its inflow side with a 
pre-expansion valve 5. 

The refrigerant circuit is provided with an injection 
circuit 20. The injection circuit 20 introduces high pressure 
refrigerant on the side of an outlet of the outdoor heat 
exchanger 3 in a halfway of the expansion process of the expander 
6. The injection circuit 20 is provided with an adjusting valve 
7 which adjusts an amount of refrigerant flowing through the 
injection circuit 20. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 
1 utilizes power recover by the expander 6 for driving. 

The operation of the heat pump type air conditioner of 
this embodiment will be explained below. 

Refrigerant is compressed at a high temperature and under 
a high pressure by the compressor 1 which is driven by the motor 
12. The refrigerant is discharged and introduced into the 
v^^o-h v. ^ n^ Q r *3 t r\ fhp nnt Hon r hpat pxchanaer 3 , 
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since C0 2 refrigerant is in a supercritical state, the 
refrigerant is not brought into two-phase state, and dissipates 
heat to outside fluid such as air and water. Then, the C0 2 
refrigerant is introduced into the pre-expansion valve 5 and 
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the expander 6, and is expanded by the pre-expansion valve 5 
and the expander 6. Power recover by the expander 6 at the time 
of expansion is used for driving the compressor 1 . At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature, a 
high pressure refrigerant pressure and a refrigerant 
evaporation pressure detected on the side of the outlet of the 
outdoor heat exchanger 3, the number of rotation of the 
compressor 1 and the like. If the flow rate of the refrigerant 
is smaller than the calculated optimal refrigerant amount, the 
opening of the adjusting valve 7 is increased to increase the 
amount of refrigerant which is allowed to flow into the 
injection circuit 20, thereby increasing the amount of 
refrigerant per one expansion process of the expander 6. If 
the flow rate of refrigerant is greater than the calculated 
optimal refrigerant amount, the opening of the pre-expansion 
valve 5 is reduced to reduce the flow rate of refrigerant flowing 
into an inlet of the expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 is evaporated and suctions heat in the indoor 
heat exchanger 8. A room is cooled by this endotherm. The 
refrigerant which has been evaporated is drawn Into the 
compressor 1. 

According to this embodiment, it is possible to adjust 
the flow rate of refrigerant in one expansion process by 
controlling the amount of refrigerant from the injection 
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circuit 20. If the flow rate of refrigerant flowing into the 
expander 6 is greater than a designed flow rate, the opening 
of the pre-expansion valve 5 is reduced to reduce the density 
and it is possible to reduce the flow rate of refrigerant flowing 
into the expander 6. Therefore, it is possible to efficiently 
recover power in the expander 6 and to more efficiently recover 
power from the refrigeration cycle. 

A refrigeration cycle apparatus according to another 
embodiment of the present invention will be explained with 
reference to the drawing based on a heat pump type cooling and 
heating air conditioner. 

Fig. 2 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 2, the heat pump type cooling and heating 
air conditioner of this embodiment uses a C0 2 refrigerant as 
refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 12, an outdoor heat exchanger 3, 
an expander 6 and an indoor heat exchanger 8 are connected to 
one another through pipes. 

The expander 6 is provided at its inflow side with a 
pre-expansion valve 5. 

The refrigerant circuit is provided with an injection 
circuit 20 which introduces high pressure refrigerant on the 
side of the outlet of the outdoor heat exchanger 3 in a halfway 
of the expansion process of the expander 6. The injection 
circuit 20 is provided with an adjusting valve 7 which adjusts 
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an amount of refrigerant flowing through the injection circuit 
20. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 
1 utilizes power recover by the expander 6 for driving. 

The refrigerant circuit includes a first four-way valve 
2. to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, and a second four-way valve 4 to 
which a suction side pipe of the pre-expansion valve 5, a 
discharge side pipe of the expander 6 and the injection circuit 
20 are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the outdoor 
heat exchanger 3 through the first four-way valve 2. In the 
outdoor heat exchanger 3, since C0 2 refrigerant is in a 
supercritical state, the refrigerant is not brought into 
two-phase state, and dissipates heat to outside fluid such as 
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air and water. Then, the C0 2 refrigerant is introduced into 
the pre-expansion valve 5 and the expander 6 and is expanded 
by the pre-expansion valve 5 and the expander 6. Power recover 
by the expander 6 at the time of expanding operation is used 
for driving the compressor 1. At that time, an optimal amount 
of refrigerant flowing into the expander 6 is calculated from 
a high pressure refrigerant temperature, a high pressure 
refrigerant pressure and a refrigerant evaporation pressure 
detected on the side of the outlet of the outdoor heat exchanger 
3, the number of rotation of the compressor 1 and the like. If 
the flow rate of the refrigerant is smaller than the calculated 
optimal refrigerant amount, the opening of the adjusting valve 

7 is increased to increase the amount of refrigerant which is 
allowed to flow into the injection circuit 20, thereby 
increasing the amount of refrigerant per one expansion process 
of the expander 6. If the flow rate of refrigerant is greater 
than the calculated optimal refrigerant amount, the opening of 
the pre-expansion valve 5 is reduced to reduce the flow rate 
of refrigerant flowing into an inlet of the expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 is introduced into the indoor heat exchanger 

8 through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is drawn into the compressor 1. 



13 



Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the pre-expansion valve 5 and the expander 
6, and is expanded by the pre-expansion valve 5 and the expander 
6. Power recover by the expander 6 at the time of expanding 
operation is used for driving the compressor 1. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature, a 
high pressure refrigerant pressure and a refrigerant 
evaporation pressure detected on the side of the outlet of the 
indoor heat exchanger 8, the number of rotation of the 
compressor 1 and the like. If the flow rate of the refrigerant 
is smaller than the calculated optimal refrigerant amount, the 
opening of the adjusting valve 7 is increased to increase the 
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amount of refrigerant which is allowed to flow into the 
injection circuit 20, thereby increasing the amount of 
refrigerant per one expansion process of the expander 6. If 
the flow rate of refrigerant is greater than the calculated 
optimal refrigerant amount, the opening of the pre-expansion 
valve 5 is reduced to reduce the flow rate of refrigerant flowing 
into an inlet of the expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 is introduced into the outdoor heat 
exchanger 3 through the second four-way valve 4 and is 
evaporated and suctions heat in the outdoor heat exchanger 3. 
The refrigerant which has been evaporated is drawn into the 
compressor 1 through the first four-way valve 2. 

As described above, according to this embodiment, like 
the above embodiment, power can efficiently be recovered in the 
expander 6, and more power can be recovered from the 
refrigeration cycle, and since the apparatus includes the first 
four-way valve 2 and the second four-way valve 4, the apparatus 
can be utilized as a cooling and heating air conditioner. 

A refrigeration cycle apparatus according to another 
embodiment of the present invention will be explained with 
reference to the drawincr based on a heat pump tvoe coolina and 
heating air conditioner. 

Fig. 3 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 
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As shown in Fig. 3, the heat pump type cooling and heating 
air conditioner of this embodiment uses a C0 2 refrigerant as 
refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 12, an outdoor heat exchanger 3, 
an expander 6 and an indoor heat exchanger 8 are connected to 
one another through pipes . 

The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

The refrigerant circuit is provided with an injection 
circuit 20 which introduces high pressure refrigerant on the 
side of the outlet of the outdoor heat exchanger 3 in a halfway 
of the expansion process of the expander 6. The injection 
circuit 20 is provided with an adjusting valve 7 which adjusts 
an amount of refrigerant flowing through the injection circuit 
20. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 

1 utilizes power recover by the expander 6 for driving. 

The refrigerant circuit includes a first four-way valve 

2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, and a second four-wav valve 4 to 
which a suction side pipe of the sub-expander 23 and a discharge 
side pipe of the expander 6 are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 
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First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the outdoor 
heat exchanger 3 through the first four-way valve 2. In the 
outdoor heat exchanger 3, since CO2 refrigerant is in a 
supercritical state, the refrigerant is not brought into 
two-phase state, and dissipates heat to outside fluid such as 
air and water. Then, the C0 2 refrigerant is introduced into 
the sub-expander 23 and the expander 6 and is expanded by the 
sub-expander 23 and the expander 6. Power recover by the 
expander 6 at the time of expanding operation is used for driving 
the compressor 1. At that time, an optimal amount of 
refrigerant flowing into the expander 6 is calculated from a 
high pressure refrigerant temperature, a high pressure 
refrigerant pressure and a refrigerant evaporation pressure 
dstsctsd on the side of the outlet of the outdoor heat exchanger 
3, the number of rotation of the compressor 1 and the like. If 
the flow rate of the refrigerant is smaller than the calculated 
optimal refrigerant amount, the opening of the adjusting valve 
7 is increased to increase the amount of refrigerant which is 
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allowed to flow into the injection circuit 20, thereby 
increasing the amount of refrigerant per one expansion process 
of the expander 6. If the flow rate of refrigerant is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 24 (load of the electric generator) is 
increased to reduce the flow rate of refrigerant flowing into 
an inlet of the expander 6. 

The C0 2 refrigerant expanded by the sub-expansion device 
23 and the expander 6 is introduced into the indoor heat 
exchanger 8 through the second four-way valve 4 and is 
evaporated and suctions heat in the indoor heat exchanger 8. 
A room is cooled by this endotherm. The refrigerant which has 
been evaporated is drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant, in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
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exchanger 8- through the first four-way valve 2. In the indoor 
heat exchanger 8, since CO2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
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is heated utilizing this radiation. Then, the CO2 refrigerant 
is introduced into the sub-expander 23 and the expander 6, and 
is expanded by the sub-expander 2 3 and the expander 6. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the compressor 1. At that time, an optimal 
amount of refrigerant flowing into the expander 6 is calculated 
from a high pressure, refrigerant temperature, a high pressure 
refrigerant pressure and a refrigerant evaporation pressure 
detected on the side of the outlet of the indoor heat exchanger' 
8, the number of rotation of the compressor 1 and the like. If 
the flow rate of the refrigerant is smaller than the calculated 
optimal refrigerant amount, the opening of the adjusting valve 
7 is increased to increase the amount of refrigerant which is 
allowed to flow into the injection circuit 20 , thereby 
increasing the amount of refrigerant per one expansion process 
of the expander 6. If the flow rate of refrigerant is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 24 (load of the electric generator) is 
increased to reduce the flow rate of refrigerant flowing into 
an inlet of the expander 6. 

The CO2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4 and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 
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As described above, according to this embodiment, it is 
possible to adjust the flow rate of refrigerant of the outlet 
of the expander 6 by controlling the amount of refrigerant from 
the injection circuit 20, and it is possible to control the 
amount of refrigerant flowing into the expander 6 by changing 
the torque of the electric generator 24 (i.e., load of the 
electric generator) connected to the sub-expander 23 to adjust 
a pressure in the inlet of the expander 6. Therefore, power 
can efficiently be recover in the expander 6, and more power 
can be recovered from the refrigeration cycle by utilizing the 
power recover from the sub-expander 23 for generating 
electricity in the electric generator 24. 

A refrigeration cycle apparatus according to another 
embodiment of the present invention will be explained with 
reference to the drawing based on a heat pump type cooling and 
heating air conditioner . 

Fig. 4 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 4, the heat pump type cooling and heating 
air conditioner of this embodiment uses a CO2 refrigerant as 
refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 12, an outdoor heat exchanger 3, 
an expander 6 and an indoor heat exchanger 8 are connected to 
one another through pipes. 
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The expander 6 is provided at its discharge side with 
a sub-expander 23, and an electric generator 24 is connected 
to a drive shaft of the sub-expander 23. 

The refrigerant circuit is provided with an injection 
circuit 20 which introduces high pressure refrigerant on the 
side of the outlet of the outdoor heat exchanger 3 in a halfway 
of the expansion process of the expander 6. The injection 
circuit 20 is provided with an adjusting valve 7 which adjusts 
an amount of refrigerant flowing through the injection circuit 
20. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 

1 utilizes power recover by the expander 6 for driving. 

The refrigerant circuit includes a first four-way valve 

2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, and a second four-way valve 4 to 
which a discharge side pipe of the sub-expander 23, an inflow 
side pipe of the expander 6 and the injection circuit 20 are 
connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 
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exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 
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Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the outdoor 
heat exchanger 3 through the first four-way valve 2. In the 
outdoor heat exchanger 3, since C0 2 refrigerant is in a 
supercritical state, the refrigerant is not brought into 
two-phase state, and dissipates heat to outside fluid such as 
air and water. Then, the C0 2 refrigerant is introduced into 
the expander 6 and the sub-expander 23 and is expanded by the 
expander 6 and the sub-expander 23. Power recover by the 
expander 6 at the time of expanding operation is used for driving 
the compressor 1. At that time, an optimal amount of 
refrigerant flowing into the expander 6 is calculated from a 
high pressure refrigerant temperature, a high pressure 
refrigerant pressure and a refrigerant evaporation pressure 
detected on the side of the outlet of the outdoor heat exchanger 
3, the number of rotation of the compressor 1 and the like. If 
the flow rate of the refrigerant is smaller than the calculated 
optimal refrigerant amount, the opening of the adjusting valve 
7 is increased to increase the amount of refrigerant which is 

increasing the amount of refrigerant per one expansion process 
of the expander 6. In this case, torque of the electric 
generator 24 ( load of the electric generator ) is minimized. If 
the flow rate of refrigerant is greater than the calculated 
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optimal refrigerant amount, the adjusting valve 7 is closed, 
and torque of the electric generator 24 (load of the electric 
generator) is increased to reduce the flow rate of refrigerant 
flowing into an inlet of the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8 . A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is drawn into the compressor 1 . 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since C0 2 refrigerant is in a supercritical 

c? 4- n 4- 4— /rs vof v-1 rf/avnr\4- A tr» v\ 4- V-\ v>/mi r->r V> 4- -iv\+-/-\ 4— t.T/-\ >~\ V-\ — » er> o ■) » 4- -> n 

dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the expander 6 and the sub-expander 23, and 
is expanded by the expander 6 and the sub-expander 23. Power 
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recover by the expander 6 at the time of expanding operation 
is used for driving the compressor 1. At that time, an optimal 
amount of refrigerant flowing into the expander 6 is calculated 
from a high pressure refrigerant temperature, a high pressure 
refrigerant pressure and a refrigerant evaporation pressure 
detected on the side of the outlet of the indoor heat exchanger 
8, the number of rotation of the compressor 1 and the like. If 
the flow rate of the refrigerant is smaller than the calculated 
optimal refrigerant amount, the opening of the adjusting valve 
7 is increased to increase the amount of refrigerant which is 
allowed to flow into the injection circuit 20, thereby 
increasing the amount of refrigerant per one expansion process 
of the expander 6. In this case, torque of the electric 
generator 24 (load of the electric generator) is minimized. If 
the flow rate of refrigerant is greater than the calculated 
optimal refrigerant amount, the adjusting valve 7 is closed and 
torque of the electric generator 24 (load of the electric 
generator) is increased to reduce the flow rate of refrigerant 
flowing into an inlet of the expander 6. 

The CO2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the outdoor heat exchanger 
3 through the second four— way valve 4 and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 
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As described above, according to this embodiment, it is 
possible to adjust the flow rate of refrigerant of the outlet 
of the expander 6 by controlling the amount of refrigerant from 
the injection circuit 20, and it is possible to control the 
amount of refrigerant flowing into the expander 6 by closing 
the adjusting valve 7 and changing the torque of the electric 
generator 24 (i.e., load of the electric generator) connected 
to the sub-expander 23 to adjust a pressure in the outlet of 
the expander 6. Therefore, power can efficiently be recovered 
in the expander 6, and more power can be recovered from the 
refrigeration cycle by utilizing the power recover from the 
sub-expander 23 for generating electricity in the electric 
generator 24 . 

A refrigeration cycle apparatus according -to another 
embodiment of the present invention will be explained with 
reference to the drawing based on a heat pump type cooling and 
heating air conditioner. 

Fig. 5 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 5, the heat pump type cooling and heating 
air conditioner of this embodiment uses a C0 2 refrigerant as 
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compressor 1 having a motor 12, an outdoor heat exchanger 3, 
an expander 6, an indoor heat exchanger 8 and an auxiliary 
compressor 10 are connected to one another through pipes. 
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The expander 6 is provided at its inflow side with a 
pre-expansion valve 5. 

The refrigerant circuit is provided with an injection 
circuit 20 which introduces high pressure refrigerant on the 
side of the outlet of the outdoor heat exchanger 3 in a halfway 
of the expansion process of the expander 6, The injection 
circuit 20 is provided with an adjusting valve 7 which adjusts 
an amount of refrigerant flowing through the injection circuit 
20, 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe of the compressor 1 and a suction 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a suction side pipe of the 
pre-expansion valve 5, a discharge side pipe of the expander 
6 and the injection circuit 20 are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 
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exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 
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Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the outdoor 
heat exchanger 3 through the first four-way valve 2. In the 
outdoor heat exchanger 3, since C0 2 refrigerant is in a 
supercritical state, the refrigerant is not brought into 
two-phase state, and dissipates heat to outside fluid such as 
air and water. Then, the C0 2 refrigerant is introduced into 
the pre-expansion valve 5 and the expander 6 and is expanded 
by the pre-expansion valve 5 and the expander 6. Power recover 
by the expander 6 at the time of expanding operation is used 
for driving the auxiliary compressor 10. At that time, an 
optimal amount of refrigerant flowing into the expander 6 is 
calculated from a high pressure refrigerant temperature, a high 
pressure refrigerant pressure and a refrigerant evaporation 
pressure detected on the side of the outlet of the outdoor heat 
exchanger 3, the number of rotation of the compressor 1 and the 
like. If the flow rate of the refrigerant is smaller than the 
calculated optimal refrigerant amount, the opening of the 
adjusting valve 7 is increased to increase the amount of 
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20, thereby increasing the amount of refrigerant per one 
expansion process of the expander 6. If the flow rate of 
refrigerant is greater than the calculated optimal refrigerant 
amount, the opening of the pre-expansion valve 5 is reduced to 
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reduce the flow rate of refrigerant flowing into an inlet of 
the expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 is introduced into the indoor heat exchanger 
8 through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is introduced into the auxiliary compressor 10 through the first 
four-way valve 2 and supercharged by the auxiliary compressor 
10, and drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2 . In the indoor 
heat exchanger 8, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two— phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the pre-expansion valve 5 and the expander 
6, and is expanded by the pre-expansion valve 5 and the expander 
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6. Power recover by the expander 6 at the time of expanding 
operation is used for driving the auxiliary compressor 10. At 
that time, an optimal amount of refrigerant flowing into the 
expander 6 is calculated from a high pressure refrigerant 
temperature, a high pressure refrigerant pressure and a 
refrigerant evaporation pressure detected on the side of the 
outlet of the indoor heat exchanger 8, the number of rotation 
of the compressor 1 and the like. If the flow rate of the 
refrigerant is smaller than the calculated optimal refrigerant 
amount, the opening of the adjusting valve 7 is increased to 
increase the amount of refrigerant which is allowed to flow into 
the injection circuit 20, thereby increasing the amount of 
refrigerant per one expansion process of the expander 6. If 
the flow rate of refrigerant is greater than the calculated 
optimal refrigerant amount, the opening of the pre-expansion 
valve 5 is reduced to reduce the flow rate of refrigerant flowing 
into an inlet of the expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 is introduced into the outdoor heat 
exchanger 3 through the second four-way valve 4 and is 
evaporated and suctions heat in the outdoor heat exchanger 3. 
The refrigerant which has been evaporated is introduced into 
the auxiliary compressor 10 through the first four-way valve 
2 and supercharged by the auxiliary compressor 10, and drawn 
into the compressor 1. 
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As- described above, according to this embodiment, it is 
possible to adjust the flow rate of refrigerant of the inlet 
of the expander 6 by controlling the amount of refrigerant from 
the injection circuit 20, and it is possible to control the 
amount of refrigerant flowing into the expander 6 by changing 
the opening of the pre-expansion valve 5 to adjust a pressure 
in the inlet of the expander 6. Therefore, power can 
efficiently be recovered in the expander 6. 

A refrigeration cycle apparatus according to another 
embodiment of the present invention will be explained with 
reference to the drawing based on a heat pump type cooling and 
heating air conditioner. 

Fig. 6 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 6, the heat pump type cooling and heating 
air conditioner of this embodiment uses a C0 2 refrigerant as 
refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 12, an outdoor heat exchanger 3, 
an expander 6, an indoor heat exchanger 8 and an auxiliary 
compressor 10 are connected to one another through pipes. 

The expander 6 is provided at its inflow side with a 
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a drive shaft of the sub-expander 23. 

The refrigerant circuit is provided with an injection 
circuit 20 which introduces high pressure refrigerant on the 
side of the outlet of the outdoor heat exchanger 3 in a halfway 
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of the expansion process of the expander 6- The injection 
circuit 20 is provided with an adjusting valve 7 which adjusts 
an amount of refrigerant flowing through the injection circuit 
20. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe of the compressor 1 and a suction 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a suction side pipe of the 
sub-expander 23, a discharge side pipe of the expander 6 and 
the injection circuit 20 are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 
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is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the outdoor 
heat exchanger 3 through the first four-way valve 2. In the 
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outdoor heat exchanger 3, since C0 2 refrigerant is in a 
supercritical state, the refrigerant is not brought into 
two-phase state, and dissipates heat to outside fluid such as 
air and water. Then, the C0 2 refrigerant is introduced into 
the sub-expander 23 and the expander 6 and is expanded by the 
sub-expander 23 and the expander 6. Power recover by the 
expander 6 at the time of expanding operation is used for driving 
the auxiliary compressor 10- At that time, an optimal amount 
of refrigerant flowing into the expander 6 is calculated from 
a high pressure refrigerant temperature, a high pressure 
refrigerant pressure and a refrigerant evaporation pressure 
detected on the side of the outlet of the outdoor heat exchanger 
3, the number of rotation of the compressor 1 and the like. If 
the flow rate of the refrigerant is smaller than the calculated 
optimal refrigerant amount, the opening of the adjusting valve 
7 is increased to increase the amount of refrigerant which is 
allowed to flow into the injection circuit 20, thereby 
increasing the amount of refrigerant per one expansion process 
of the expander 6. If the flow rate of refrigerant is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 24 (load of the electric generator) is 

an inlet of the expander 6. 

The CO2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4 and is evaporated and 
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suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is introduced into the auxiliary compressor 10 through the first 
four-way valve 2 and supercharged by the auxiliary compressor 
10, and drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the sub-expander 23 and the expander 6, and 
is expanded by the sub-expander 23 and the expander 6. Power 
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is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature, a 
high pressure refrigerant pressure and a refrigerant 
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evaporation pressure detected on the side of the outlet of the 
indoor heat exchanger 8, the number of rotation of the 
compressor 1 and the like. If the flow rate of the refrigerant 
is smaller than the calculated optimal refrigerant amount, the 
opening of the adjusting valve 7 is increased to increase the 
amount of refrigerant which is allowed to flow into the 
injection circuit 20, thereby increasing the amount of 
refrigerant per one expansion process of the expander 6. If 
the flow rate of refrigerant is greater than the calculated 
optimal refrigerant amount, torque of the electric generator 
24 (load of the electric generator) is increased to reduce the 
flow rate of refrigerant flowing into an inlet of the expander 
6. 

The CO2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4 and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is introduced into the auxiliary 
compressor 10 through the first four-way valve 2 and 
supercharged by the auxiliary compressor 10, and drawn into the 
compressor 1. 

As described above, according to this embodiment, it is 
possible to adjust the flow rate of refrigerant of the outlet 
of the expander 6 by controlling the amount of refrigerant from 
the injection circuit 20, and it is possible to control the 
amount of refrigerant flowing into the expander 6 by changing 
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the torque of the electric generator 24 (i.e., load of the 
electric generator) connected to the sub-expander 23 to adjust 
a pressure in the inlet of the expander 6. Therefore, power 
can efficiently be recovered in the expander 6, and more power 
can be recovered from the refrigeration cycle by utilizing the 
power recover from the sub-expander 23 for generating 
electricity in the electric generator 24. 

A refrigeration cycle apparatus according to another 
embodiment of the present invention will be explained with 
reference to the drawing based on a heat pump type cooling and 
heating air conditioner. 

Fig. 7 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 7, the heat pump type cooling and heating 
air conditioner of this embodiment uses a CO2 refrigerant as 
refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 12, an outdoor heat exchanger 3, 
an expander 6, an indoor heat exchanger 8 and an auxiliary 
compressor 10 are connected to one another through pipes. 

The expander 6 is provided at its discharge side with 

a sub-expander 23, and an electric generator 24 is connected 
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The refrigerant circuit is provided with an injection 
circuit 20 which introduces high pressure refrigerant on the 
side of the outlet of the outdoor heat exchanger 3 in a halfway 
of the expansion process of the expander 6. The injection 



35 



circuit 20 is provided with an adjusting valve 7 which adjusts 
an amount of refrigerant flowing through the injection circuit 
20. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe of the compressor 1 and a suction 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a discharge side pipe of the 
sub-expander 23, an inflow side pipe of the expander 6 and the 
injection circuit 20 are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the outdoor 
heat exchanger 3 through the first four-way valve 2. In the 
outdoor heat exchanger 3, since C0 2 refrigerant is in a 



36 



supercritical state, the refrigerant is not brought into 
two-phase state, and dissipates heat to outside fluid such as 
air and water. Then, the C0 2 refrigerant is introduced into 
the expander 6 and the sub-expander 23 and is expanded by the 
expander 6 and the sub-expander 23. Power recover by the 
expander 6 at the time of expanding operation is used for driving 
the auxiliary compressor 10. At that time, an optimal amount 
of refrigerant flowing into the expander 6 is calculated from 
a high pressure refrigerant temperature, a high pressure 
refrigerant pressure and a refrigerant evaporation pressure 
detected on the side of the outlet of the outdoor heat exchanger 
3, the number of rotation of the compressor 1 and the like. If 
the flow rate of the refrigerant is smaller than the calculated 
optimal refrigerant amount, the opening of the adjusting valve 
7 is increased to increase the amount of refrigerant which is 
allowed to flow into the injection circuit 20, thereby 
increasing the amount of refrigerant per one expansion process 
of the expander 6. In this case, torque of the electric 
generator 24 ( load of the electric generator ) is minimized. If 
the flow rate of refrigerant is greater than the calculated 
optimal refrigerant amount, the adjusting valve 7 is closed and 

generator) is increased to reduce the flow rate of refrigerant 
flowing into an inlet of the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the indoor heat exchanger 8 
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through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is introduced into the auxiliary compressor 10 through the first 
four-way valve 2 and supercharged by the auxiliary compressor 
10, and drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the expander 6 and the sub-expander 23, and 
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recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature, a 
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high pressure refrigerant pressure and a refrigerant 
evaporation pressure detected on the side of the outlet of the 
indoor heat exchanger 8, the number of rotation of the 
compressor 1 and the like. If the flow rate of the refrigerant 
is smaller than the calculated optimal refrigerant amount, the 
opening of the adjusting valve 7 is increased to increase' the 
amount of refrigerant which is allowed to flow into the 
injection circuit 20, thereby increasing the amount of 
refrigerant per one expansion process of the expander 6. If 
the flow rate of refrigerant is greater than the calculated 
optimal refrigerant amount, the adjusting valve 7 is closed and 
torque of the electric generator 24 (load of the electric 
generator) is increased to reduce the flow rate of refrigerant 
flowing into an inlet of the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4 and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is introduced into the auxiliary 
compressor 10 through the first four-way valve 2 and 
supercharged by the auxiliary compressor 10, and drawn into the 

As described above, according to this embodiment, it is 
possible to adjust the flow rate of refrigerant of the outlet 
of the expander 6 by controlling the amount of refrigerant from 
the injection circuit 20, and it is possible to control the 
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amount of refrigerant flowing into the expander 6 by closing 
the adjusting valve 7 and changing the torque of the electric 
generator 24 (i.e., load of the electric generator) connected 
to the sub-expander 23 to adjust a pressure in the outlet of 
the expander 6. Therefore, power can efficiently be recovered 
in the expander 6, and more power can be recovered from the 
refrigeration cycle by utilizing the power recover from the 
sub-expander 23 for generating electricity in the electric 
generator 24. 

A refrigeration cycle apparatus according to another 
embodiment of the present invention will be explained with 
reference to the drawing based on a heat pump type cooling and 
heating air conditioner. 

Fig. 8 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 8, the heat pump type cooling and heating 
air conditioner of this embodiment uses a C0 2 refrigerant as 
refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 12, an auxiliary compressor 10, an 
outdoor heat exchanger 3, an expander 6 and an indoor heat 
exchanger 8 are connected to one another through pipes. 
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pre-expansion valve 5. 

The refrigerant circuit is provided with an injection 
circuit 20 which introduces high pressure refrigerant on the 
side of the outlet of the outdoor heat exchanger 3 in a halfway 
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of the expansion process of the expander 6. The injection 
circuit 20 is provided with an adjusting valve 7 which adjusts 
an amount of refrigerant flowing through the injection circuit 
20. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a suction side pipe of the compressor 1 and a discharge 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a suction side pipe of the 
pre-expansion valve 5, a discharge side pipe of the expander 
6 and the injection circuit 2Q are connected. 

The operation of the heat pump type cooling and heating 

* 

air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 
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is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the auxiliary 
compressor 10 and further super-pressurized by the auxiliary 
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compressor 10 and then, is introduced into the outdoor heat 
exchanger 3 through the first four-way valve 2. In the outdoor 
heat exchanger 3, since CO2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the C0 2 refrigerant is introduced into the pre-expansion valve 
5, the expander 6 and the sub-expander 21 and is expanded by 
the pre-expansion valve 5, the expander 6 and the sub-expander 
21. Power recover by the expander 6 at the time of expanding 
operation is used for driving the auxiliary compressor 10. At 
that time, an optimal amount of refrigerant flowing into the 
expander 6 is calculated from a high pressure refrigerant 
temperature, a high pressure refrigerant pressure and a 
refrigerant evaporation pressure detected on the side of the 
outlet of the outdoor heat exchanger 3, the number of rotation 
of the compressor 1 and the like. If the flow rate of the 
refrigerant is smaller than the calculated optimal refrigerant 
amount, the opening of the adjusting valve 7 is increased to 
increase the amount of refrigerant which is allowed to flow into 
the injection circuit 20, thereby increasing the amount of 
refrigerant per one expansion process of the expander 6. If 
the flow rate of refrigerant is greater than the calculated 
optimal refrigerant amount, the opening of the pre-expansion 
valve 5 is reduced to reduce the flow rate of refrigerant flowing 
into an inlet of the expander 6. 
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The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 is introduced into the indoor heat exchanger 
8 through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is drawn into the compressor 1 through the first four-way valve 
2. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained- A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the auxiliary 
compressor 10 and further super-pressurized by the auxiliary 
compressor 10 and then, is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
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is heated utilizing this radiation. Then, the CO2 refrigerant 
is introduced into the pre-expansion valve 5, the expander 6 
and the sub-expander 21 and is expanded by the pre-expansion 
valve 5, the expander 6 and the sub-expander 21. Power recover 
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by the expander 6 at the time of expanding operation is used 
for driving the auxiliary compressor 10. At that time, an 
optimal amount of refrigerant flowing into the expander 6 is 
calculated from a high pressure refrigerant temperature, a high 
pressure refrigerant pressure and a refrigerant evaporation 
pressure detected on the side of the outlet of the indoor heat 
exchanger 8, the number of rotation of the compressor 1 and the 
like. If the flow rate of the refrigerant is smaller than the 
calculated optimal refrigerant amount, the opening of the 
adjusting valve 7 is increased to increase the amount of 
refrigerant which is allowed to flow into the injection circuit 
20, thereby increasing the amount of refrigerant per one 
expansion process of the expander 6. If the flow rate of 
refrigerant is greater than the calculated optimal refrigerant 
amount, the opening of the pre-expansion valve 5 is reduced to 
reduce the flow rate of refrigerant flowing into an inlet of 
the expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 is introduced into the outdoor heat 
exchanger 3 through the second four-way valve 4 and is 
evaporated and suctions heat in the outdoor heat exchanger 3. 
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compressor 1 through the first four-way valve 2. 

As described above, according to this embodiment, it is 
possible to adjust the flow rate of refrigerant of the outlet 
of the expander 6 by controlling the amount of refrigerant from 
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the injection circuit 20, and it is possible to control the 
amount of refrigerant flowing into the expander 6 by changing 
the opening of the pre-expansion valve 5 to adjust a pressure 
in the inlet of the expander 6. Therefore, power can 
efficiently be recovered in the expander 6. 

A refrigeration cycle apparatus according to another 
embodiment of the present invention will be explained with 
reference to the drawing based on a heat pump type cooling and 
heating air conditioner. 

Fig. 9 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 9, the heat pump type cooling and heating 
air conditioner of this embodiment uses a C0 2 refrigerant as 
refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 12, an auxiliary compressor 10, an 
outdoor heat exchanger 3, an expander 6 and an indoor heat 
exchanger 8 are connected to one another through pipes. 

The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

The refrigerant circuit is provided with an injection 
Circuit 20 which introduces high pressure refrigerant on the 
side of the outlet of the outdoor heat exchanger 3 in a halfway 
of the expansion process of the expander 6. The injection 
circuit 20 is provided with an adjusting valve 7 which adjusts 
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an amount of refrigerant flowing through the injection circuit 
20. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a suction side pipe of the compressor 1 and a discharge 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a suction side pipe of the 
sub-expander 23, a discharge side pipe of the expander 6 and 
the injection circuit 20 are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the auxiliary 
compressor 10 and further super-pressurized by the auxiliary 
compressor 10 and then, is introduced into the outdoor heat 
exchanger 3 through the first four-way valve 2. In the outdoor 
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heat exchanger 3, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the C0 2 refrigerant is introduced into the sub-expander 23 and 
the expander 6 and is expanded by the sub-expander 2 3 and the 
expander 6. Power recover by the expander 6 at the time of 
expanding operation is used for driving the auxiliary 
compressor 10. At that time, an optimal amount of refrigerant 
flowing into the expander 6 is calculated from a high pressure 
refrigerant temperature, a high pressure refrigerant pressure 
and a refrigerant evaporation pressure detected on the side of 
the outlet of the outdoor heat exchanger 3, the number of 
rotation of the compressor 1 and the like. If the flow rate 
of the refrigerant is smaller than the calculated optimal 
refrigerant amount, the opening of the adjusting valve 7 is 
increased to increase the amount of refrigerant which is allowed 
to flow into the injection circuit 20 f thereby increasing the 
amount of refrigerant per one expansion process of the expander 
6. If the flow rate of refrigerant is greater than the 
calculated optimal refrigerant amount, torque of the electric 
generator 24 (load of the electric generator) is increased to 
reduce the flow rate of refrigerant flowing into an inlet of 
the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4 and is evaporated and 
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suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is drawn into the compressor 1 through the first four-way valve 
2. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the auxiliary 
compressor 10 and further super-pressurized by the auxiliary 
compressor 10 and then, is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the sub-expander 23 and the expander 6 and 
is expanded bv the sub-exoander 23 

recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature, a 
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high pressure refrigerant pressure and a refrigerant 
evaporation pressure detected on the side of the outlet of the 
indoor heat exchanger 8, the number of rotation of the 
compressor 1 and the like. If the flow rate of the refrigerant 
is smaller than the calculated optimal refrigerant amount, the 
opening of the adjusting valve 7 is increased to increase the 
amount of refrigerant which is allowed to flow into the 
injection circuit 20, thereby increasing the amount of 
refrigerant per one expansion process of the expander 6. If 
the flow rate of refrigerant is greater than the calculated 
optimal refrigerant amount, torque of the electric generator 
24 (load of the electric generator) is increased to reduce the 
flow rate of refrigerant flowing into an inlet of the expander 
6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4 and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 

As described above, according to this embodiment, it is 
possible to adjust the flow rate of refrigerant of the outlet 
of the expander 6 by controlling the amount of refrigerant from 
the injection circuit 20, and it is possible to control the 
amount of refrigerant flowing into the expander 6 by changing 
the torque of the electric generator 24 (i.e., load of the 



49 



electric generator) connected to the sub-expander 23 and by 
adjusting a pressure of the inlet of the expander 6. Therefore, 
it is possible to efficiently recover power in the expander 6, 
and to recover more power from the refrigeration cycle by 
utilizing the power recover by the sub-expander 23 for 
generating electricity in the electric generator 24. 

A refrigeration cycle apparatus according to another 
embodiment of the present invention will be explained with 
reference to the drawing based on a heat pump type cooling and 
heating air conditioner. 

Fig. 10 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 10, the heat pump type cooling and heating 
air conditioner of this embodiment uses a C0 2 refrigerant as 
refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 12, an auxiliary compressor 10, an 
outdoor heat exchanger 3, an expander 6 and an indoor heat 
exchanger 8 are connected to one another through pipes. 

The expander 6 is provided at its discharge side with 
a sub-expander 23, and an electric generator 24 is connected 
to a drive shaft of the sub-expander 23. 
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circuit 20 which introduces high pressure refrigerant on the 
side of the outlet of the outdoor heat exchanger 3 in a halfway 
of the expansion process of the expander 6. The injection 
circuit 20 is provided with an adjusting valve 7 which adjusts 
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an amount of refrigerant flowing through the injection circuit 
20. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a suction side pipe of the compressor 1 and a discharge 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a discharge side pipe of the 
sub-expander 23, an inflow side pipe of the expander 6 and the 
injection circuit 20 are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 

■ 

arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the auxiliary 
compressor 10 and further super-pressurized by the auxiliary 
compressor 10 and then, is introduced into the outdoor heat 
exchanger 3 through the first four-way valve 2. In the outdoor 
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heat exchanger 3, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the CO2 refrigerant is introduced into the expander 6 and the 
sub-expander 23 and is expanded by the expander 6 and the 
sub-expander 23. Power recover by the expander 6 at the time 
of expanding operation is used for driving the auxiliary 
compressor 10. At that time, an optimal amount of refrigerant 
flowing into the expander 6 is calculated from a high pressure 
refrigerant temperature, a high pressure refrigerant pressure 
and a refrigerant evaporation pressure detected on the side of 
the outlet of the outdoor heat exchanger 3, the number of 
rotation of the compressor 1 and the like. If the flow rate 
of the refrigerant is smaller than the calculated optimal 
refrigerant amount, the opening of the adjusting valve 7 is 
increased to increase the amount of refrigerant which is allowed 
to flow into the injection circuit 20, thereby increasing the 
amount of refrigerant per one expansion process of the expander 
6. In this case, torque of the electric generator 24 (load of 
the electric generator) is minimized. If the flow rate of 
refrigerant is greater than the calculated optimal refrigerant 
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generator 24 is connected to the sub-expander 23 to reduced the 
low pressure side pressure, thereby reducing the flow rate of 
refrigerant flowing into an inlet of the expander 6. 
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The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is drawn into the compressor 1 through the first four-way valve 
2. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the auxiliary 
compressor 10 and further super-pressurized by the auxiliary 
compressor 10 and then, is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since CO2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the expander 6 and the sub-expander 23 and 
is expanded by the expander 6 and the sub-expander 23. Power 
recover by the expander 6 at the time of expanding operation 
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is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature, a 
high pressure refrigerant pressure and a refrigerant 
evaporation pressure detected on the side of the outlet of the 
indoor heat exchanger 8, the number of rotation of the 
compressor 1 and the like. If the flow rate of the refrigerant 
is smaller than the calculated optimal refrigerant amount, the 
opening of the adjusting valve 7 is increased to increase the 
amount of refrigerant which is allowed to flow into the 
injection circuit 20, thereby increasing the amount of 
refrigerant per one expansion process of the expander 6. In 
this case, torque of the electric generator 24 (load of the 
electric generator) is minimized. If the flow rate of 
refrigerant is greater than the calculated optimal refrigerant 
amount, the adjusting valve 7 is closed, and torque of the 
electric generator 24 (load of the electric generator) is 
increased to reduce the flow rate of refrigerant flowing into 
an inlet of the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4 and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 
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As described above, according to this embodiment, it is 
possible to adjust the flow rate of refrigerant of the outlet 
of the expander 6 by controlling the amount of refrigerant from 
the injection circuit 20, and it is possible to control the 
amount of refrigerant flowing into te expander 6 by closing the 
adjusting valve 7 and by changing the torque of the electric 
generator 24 (i.e., load of the electric generator) connected 
to the sub-expander 23 and by adjusting a pressure of the outlet 
of the expander 6. Therefore, it is possible to efficiently 
recover power in the expander 6, and to recover more power from 
the refrigeration cycle by utilizing the power recover by the 
sub-expander 23 for generating electricity in the electric 
generator 24. 

A refrigeration cycle apparatus according to another 
embodiment of the present invention will be explained with 
reference to the drawing based on a heat pump type cooling and 
heating air conditioner. 

Fig. 11 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 11, the heat pump type cooling and heating 
air conditioner of this embodiment uses a C0 2 refrigerant as 
refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 12, an outdoor heat exchanger 3, 
an expander 6, an indoor heat exchanger 8 and an auxiliary 
compressor 10 are connected to one another through pipes. 
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The expander 6 is provided at its inflow side with a 
pre-expansion valve 5. 

The refrigerant circuit is provided with an injection 
circuit 20 which introduces high pressure refrigerant on the 
side of the outlet of the outdoor heat exchanger 3 in a halfway 
of the expansion process of the expander 6. The injection 
circuit 20 is provided with an adjusting valve 7 which adjusts 
an amount of refrigerant flowing through the injection circuit 
20. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander . 6 . 

The refrigerant circuit comprises a first four-way valve 

2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, a second four-way valve 4 to which 
a discharge side pipe and a suction side pipe of the expander 
6 and the injection circuit 20 are connected, and a third 
four-way valve 9 to which a discharge side pipe and a suction 
side pipe of the auxiliary compressor 10 are connected. In the 
case of refrigerant flow in which the outdoor heat exchanger 

3 is used as a gas cooler and the indoor heat exchanger 8 is 
used as an evaporator, the first four-way valve 2 and the third 
four-way valve 9 are switched over so that the discharge side 
of the auxiliary compressor 10 becomes the suction side of the 
compressor 1. In the case of refrigerant flow in which the 
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outdoor heat exchanger 3 is used as the evaporator and the indoor 
heat exchanger 8 is used as the gas cooler, the first four-way 
valve 2 and the third four-way valve 9 are switched over so that 
the discharge side of the compressor 1 becomes the suction side 
of the auxiliary compressor 10. By switching the second 
four-way valve 4, a direction of the refrigerant flowing through 
the expander 6 becomes always the same direction. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the outdoor 
heat exchanger 3 through the first four-way valve 2. In the 
outdoor heat exchanger 3, since C0 2 refrigerant is in a 
supercritical state, the refrigerant is not brought into 
two-phase state, and dissipates heat to outside fluid such as 
air and water. Then, the C0 2 refrigerant is introduced into 
the pre-expansion valve 5, the expander 6 and the sub-expander 
21 and is expanded by the pre-expansion valve 5, the expander 
6 and the sub-expander 21. Power recover by the expander 6 at 
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the time of expanding operation is used for driving the 
auxiliary compressor 10. At that time, an optimal amount of 
refrigerant flowing into the expander 6 is calculated from a 
high pressure refrigerant temperature, a high pressure 
refrigerant pressure and a refrigerant evaporation pressure 
detected on the side of the outlet of the outdoor heat exchanger 
3, the number of rotation of the compressor 1 and the like. If 
the flow rate of the refrigerant is smaller than the calculated 
optimal refrigerant amount, the opening of the adjusting valve 

7 is increased to increase the amount of refrigerant which is 
allowed to flow into the injection circuit 20, thereby 
increasing the amount of refrigerant per one expansion process 
of the expander 6. If the flow rate of refrigerant is greater 
than the calculated optimal refrigerant amount, the opening of 
the pre-expansion valve 5 is reduced to reduce the flow rate 
of refrigerant flowing into an inlet of the expander 6. 

The CO2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 is introduced into the indoor heat exchanger 

8 through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is introduced into the auxiliary compressor 10 through the third 
four-way valve 9 and supercharged by the auxiliary compressor 
10, and drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
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exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the auxiliary 
compressor 10 through the first four-way valve 2 and the third 
four-way valve 9 and further super-pressurized by the auxiliary 
compressor 10. The refrigerant whose pressure was increased 
by the auxiliary compressor 10 is introduced into the indoor 
heat exchanger 8 through the third four-way valve 9. In the 
indoor heat exchanger 8, since C0 2 refrigerant is in a 
supercritical state, the refrigerant is not brought into 
two-phase state, and dissipates heat to outside fluid such as 
air and water. A room is heated utilizing this radiation. Then, 
the CO2 refrigerant is introduced into the pre-expansion valve 
5, the expander 6 and the sub-expander 21 and is expanded by 
the pre-expansion valve 5, the expander 6 and the sub-expander 
21. Power recover by the expander 6 at the time of expanding 
operation is used for driving the auxiliary compressor 10. At 
that time, an optimal amount of refrigerant flowing into the 
expander 6 is calculated from a high pressure refrigerant 
temperature, a high pressure refrigerant pressure and a 
refrigerant evaporation pressure detected on the side of the 
outlet of the indoor heat exchanger 8, the number of rotation 
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of the compressor 1 and the like. If the flow rate of the 
refrigerant is smaller than the calculated optimal refrigerant 
amount, the opening of the adjusting valve 7 is increased to 
increase the amount of refrigerant which is allowed to flow into 
the injection circuit 20, thereby increasing the amount of 
refrigerant per one expansion process of the expander 6. If 
the flow rate of refrigerant is greater than the calculated 
optimal refrigerant amount, the opening of the pre-expansion 
valve 5 is reduced to reduce the flow rate of refrigerant flowing 
into an inlet of the expander 6. 

The CO2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 is introduced into the outdoor heat 
exchanger 3 through the second four-way valve 4 and is 
evaporated and suctions heat in the outdoor heat exchanger 3. 
The refrigerant which has been evaporated is drawn into the 
compressor 1 through the first four-way valve 2. 

As described above , according to this embodiment, it is 
possible to adjust the flow rate of refrigerant of the outlet 
of the expander 6 by controlling the amount of refrigerant from 
the injection circuit 20, and it is possible to control the 
amount of refrigerant flowing into te expander 6 by changing 
the opening of the pre-expansion valve 5 to adjust a pressure 
of the inlet of the expander 6. Therefore, it is possible to 
efficiently recover power in the expander 6, and to recover more 
power from the refrigeration cycle by utilizing the power 
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recover by the sub-expander 21 for generating electricity in 
the electric generator 22. 

Further, according to this embodiment, the compressor 
1 which compresses refrigerant and* the expander 6 and the 
auxiliary compressor 10 which recover the power are separated 
from each other. The refrigeration cycle is switched such that 
the refrigerant is supercharged by the auxiliary compressor 10 
at the time of the cooling operation mode, and the refrigerant 
is super-pressurized at the time of the heating operation mode. 
With this structure, it is possible to allow the expander 6 to 
operate as a supercharging type expander which is suitable for 
cooling, and as a super-pressurizing type expander which is 
suitable for heating. 

A refrigeration cycle apparatus according to another 
embodiment of the present invention will be explained with 
reference to the drawing based on a heat pump type cooling and 
heating air conditioner. 

Fig. 12 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 12, the heat pump type cooling and heating 
air conditioner of this embodiment uses a C0 2 refrigerant as 
refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 12, an outdoor heat exchanger 3, 
an expander 6, an indoor heat exchanger 8 and an auxiliary 
compressor 10 are connected to one another through pipes. 
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The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

The refrigerant circuit is provided with an injection 
circuit 20 which introduces high pressure refrigerant on the 
side of the outlet of the outdoor heat exchanger 3 in a halfway 
of the expansion process of the expander 6. The injection 
circuit 20 is provided with an adjusting valve 7 which adjusts 
an amount of refrigerant flowing through the injection circuit 
20. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit comprises a first four-way valve 

2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, a second four-way valve 4 to which 
a discharge side pipe and a suction side pipe of the expander 
6 and the injection circuit 20 are connected, and a third 
four-way valve 9 to which a discharge side pipe and a suction 
side pipe of the auxiliary compressor 10 are connected. In the 
case of refrigerant flow in which the outdoor heat exchanger 

3 is used as a gas cooler and the indoor heat exchanger 8 is 
used as an evaporator, the first four-way valve 2 and the third 
four-way valve 9 are switched over so that the discharge side 
of the auxiliary compressor 10 becomes the suction side of the 
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compressor 1. In the case of refrigerant flow in which the 
outdoor heat exchanger 3 is used as the evaporator and the indoor 
heat exchanger 8 is used as the gas cooler, the first four-way 
valve 2 and the third four-way valve 9 are switched over so that 
the discharge side of the compressor 1 becomes the suction side 
of the auxiliary compressor 10. By switching the second 
four-way valve 4, a direction of the refrigerant flowing through 
the expander 6 becomes always the same direction. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the outdoor 
heat exchanger 3 through the first four-way valve 2. In the 
outdoor heat exchanger 3, since C0 2 refrigerant is in a 
supercritical state, the refrigerant is not brought into 
two-phase state, and dissipates heat to outside fluid such as 
air and water. Then, the C0 2 refrigerant is introduced into 
the sub-expander 23 and the expander 6 and is expanded by the 
sub-expander 23 and the expander 6. Power recover by the 
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expander 6 at the time of expanding operation is used for driving 
the auxiliary compressor 10. At that time, an optimal amount 
of refrigerant flowing into the expander 6 is calculated from 
a high pressure refrigerant temperature, a high pressure 
refrigerant pressure and a refrigerant evaporation pressure 
detected on the side of the outlet of the outdoor heat exchanger 
3, the number of rotation of the compressor 1 and the like. If 
the flow rate of the refrigerant is smaller than the calculated 
optimal refrigerant amount, the opening of the adjusting valve 
7 is increased to increase the amount of refrigerant which is 
allowed to flow into the injection circuit 20, thereby 
increasing the amount of refrigerant per one expansion process 

♦ 

of the expander 6. If the flow rate of refrigerant is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 24 (load of the electric generator) is 
increased to reduce the flow rate of refrigerant flowing into 
an inlet of the expander 6. 

The CO2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is introduced into the auxiliary compressor 10 through the third 
four-way valve 9 and supercharged by the auxiliary compressor 
10, and drawn into the compressor 1. 
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Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the auxiliary 
compressor 10 through the first four-way valve 2 and the third 
four-way valve 9 and further super-pressurized by the auxiliary 
compressor 10. The refrigerant whose pressure was increased 
by the auxiliary compressor 10 is introduced into the indoor 
heat exchanger 8 through the third four-way valve 9. In the 
indoor heat exchanger 8, since CO2 refrigerant is in a 
supercritical state, the refrigerant is not brought into 
two-phase state, and dissipates heat to outside fluid such as 
air and water. A room is heated utilizing this radiation. Then, 
the CO2 refrigerant is introduced into the sub-expander 23 and 
the expander 6 and is expanded by the sub-expander 23 and the 
expander 6. Power recover by the expander 6 at the time of 
expanding operation is used for driving the auxiliary 
compressor 10. At that time, an optimal amount of refrigerant 
flowing into the expander 6 is calculated from a high pressure 
refrigerant temperature, a high pressure refrigerant pressure 
and a refrigerant evaporation pressure detected on the side of 
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the outlet of the indoor heat exchanger 8, the number of rotation 
of the compressor 1 and the like. If the flow rate of the 
refrigerant is smaller than the calculated optimal refrigerant 
amount, the opening of the adjusting valve 7 is increased to 
increase the amount of refrigerant which is allowed to flow into 
the injection circuit 20, thereby increasing the amount of 
refrigerant per one expansion process of the expander 6. If 
the flow rate of refrigerant is greater than the calculated 
optimal refrigerant amount, torque of the electric generator 
24 (load of the electric generator) is increased to reduce the 
flow rate of refrigerant flowing into an inlet of the expander 
6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4 and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 

As described above, according to this embodiment, it is 
possible to adjust the flow rate of refrigerant of the outlet 
of the expander 6 by controlling the amount of refrigerant from 
the injection circuit 20, and it is possible to control the 
amount of refrigerant flowing into the expander 6 by changing 
the torque of the electric generator 24 (i.e., load of the 
electric generator) connected to the sub-expander 23 to adjust 
a pressure of the inlet of the expander 6. Therefore, it is 
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possible to efficiently recover power in the expander 6, and 
to recover more power from the refrigeration cycle by utilizing 
the power recover by the sub-expander 23 for generating 
electricity in the electric generator 24. 

Further, according to this embodiment, the compressor 
1 which compresses refrigerant and the expander 6 and the 
auxiliary compressor 10 which recover the power are separated 
from each other. The refrigeration cycle is switched such that 
the refrigerant is supercharged by the auxiliary compressor 10 
at the time of the cooling operation mode, and the refrigerant 
is super-pressurized at the time of the heating operation mode. 
With this structure, it is possible to allow the expander 6 to 
operate as a supercharging type expander which is. suitable for 
cooling, and as a super-pressurizing type expander which is 
suitable for heating. 

A refrigeration cycle apparatus according to another 
embodiment of the present invention will be explained with 
reference to the drawing based on a heat pump type cooling and 
heating air conditioner. 

Fig. 13 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 13, the heat pump type cooling and heating 
air conditioner of this embodiment uses a C0 2 refrigerant as 
refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 12, an outdoor heat exchanger 3, 
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an expander 6, an indoor heat exchanger 8 and an auxiliary 
compressor 10 are connected to one another through pipes. 

The expander 6 is provided at its discharge side with 
a sub-expander 23, and an electric generator 24 is connected 
to a drive shaft of the sub-expander 23. 

The refrigerant circuit is provided with an injection 
circuit 20 which introduces high pressure refrigerant on the 
side of the outlet of the outdoor heat exchanger 3 in a halfway 
of the expansion process of the expander 6. The injection 
circuit 20 is provided with an adjusting valve 7 which adjusts 
an amount of refrigerant flowing through the injection circuit 
20. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit comprises a first four-way valve 

2 to which a discharge side. pipe and a suction side pipe of the 
compressor 1 are connected, a second four-way valve 4 to which 
a discharge side pipe and a suction side pipe of the expander 
6 and the injection circuit 20 are connected, and a third 
four-way valve 9 to which a discharge side pipe and a suction 
side pipe of the auxiliary compressor 10 are connected. In the 
case of refrigerant flow in which the outdoor heat exchanger 

3 is used as a gas cooler and the indoor heat exchanger 8 is 
used as an evaporator, the first four-way valve 2 and the third 
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four-way valve 9 are switched over so that the discharge side 
of the auxiliary compressor 10 becomes the suction side of the 
compressor 1. In the case of refrigerant flow in which the 
outdoor heat exchanger 3 is used as the evaporator and the indoor 
heat exchanger 8 is used as the gas cooler, the first four-way 
valve 2 and the third four-way valve 9 are switched over so that 
the discharge side of the compressor 1 becomes the suction side 
of the auxiliary compressor 10. By switching the second 
four-way valve 4, a direction of the refrigerant flowing through 
the expander 6 becomes always the same direction. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the outdoor 
heat exchanger 3 through the first four-way valve 2. In the 
outdoor heat exchanger 3, since C0 2 refrigerant is in a 
supercritical state, the refrigerant is not brought into 
two-phase state, and dissipates heat to outside fluid such as 
air and water. Then, the C0 2 refrigerant is introduced into 
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the expander 6 and the sub-expander 23 and is expanded by the 
expander 6 and the sub-expander 23. Power recover by the 
expander 6 at the time of expanding operation is used for driving 
the auxiliary compressor 10. At that time, an optimal amount 
of refrigerant flowing into the expander 6 is calculated from 
a high pressure refrigerant temperature, a high pressure 
refrigerant pressure and a refrigerant evaporation pressure 
detected on the side of the outlet of the outdoor heat exchanger 
3, the number of rotation of the compressor 1 and the like. If 
the flow rate of the refrigerant is smaller than the calculated 
optimal refrigerant amount, the opening of the adjusting valve 
7 is increased to increase the amount of refrigerant which is 
allowed to flow into the injection circuit 20, thereby 
increasing the amount of refrigerant per one expansion process 
of the expander 6. In this case, the torque of the electric 
generator 24 (load of the electric generator) is minimized. If 
the flow rate of refrigerant is greater than the calculated 
optimal refrigerant amount, the adjusting valve 7 is closed and 
torque of the electric generator 24 (load of the electric 
generator) is increased to reduce the flow rate of refrigerant 
flowing into an inlet of the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
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is introduced into the auxiliary compressor 10 through the third 
four-way valve 9 and supercharged by the auxiliary compressor 
10, and drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained- A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
by the compressor 1 which is driven by the motor 12 and is 
discharged. The refrigerant is introduced into the auxiliary 
compressor 10 through the first four-way valve 2 and the third 
four-way valve 9 and further super-pressurized by the auxiliary 
compressor 10. The refrigerant whose pressure was increased 
by the auxiliary compressor 10 is introduced into the indoor 
heat exchanger 8 through the third four-way valve 9. In the 
indoor heat exchanger 8, since C0 2 refrigerant is in a 
supercritical state, the refrigerant is not brought into 
two-phase state, and dissipates heat to outside fluid such as 
air and water. A room is heated utilizing this radiation. Then, 
the C0 2 refrigerant is introduced into the expander 6 and the 
sub-expander 23 and is expanded by the expander 6 and the 
sub-expander 23. Power recover by the expander 6 at the time 
of expanding operation is used for driving the auxiliary 
compressor 10. At that time, an optimal amount of refrigerant 
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flowing into the expander 6 is calculated from a high pressure 
refrigerant temperature, a high pressure refrigerant pressure 
and a refrigerant evaporation pressure detected on the side of 
the outlet of the indoor heat exchanger 8, the number of rotation 
of the compressor 1 and the like. If the flow rate of the 
refrigerant is smaller than the calculated optimal refrigerant 
amount, the opening of the adjusting valve 7 is increased to 
increase the amount of refrigerant which is allowed to flow into 
the injection circuit 20, thereby increasing the amount of 
refrigerant per one expansion process of the expander 6. In 
this case, the torque of the electric generator 24 (load of the 
electric generator) is minimized. If the flow rate of 
refrigerant is greater than the calculated optimal refrigerant 
amount, the adjusting valve 7 is closed and torque of the 
electric generator 24 (load of the electric generator) is 
increased to reduce the flow rate of refrigerant flowing into 
an inlet of the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4 and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 

As described above, according to this embodiment, it is 
possible to adjust the flow rate of refrigerant of the inlet 
of the expander 6 by controlling the amount of refrigerant from 
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the injection circuit 20, and it is possible to control the 
amount of refrigerant flowing into the expander 6 by closing 
the adjusting valve 7 and by changing the torque of the electric 
generator 24 (i.e., load of the electric generator) connected 
to the sub-expander 23 to adjust a pressure of the outlet of 
the expander 6. Therefore, it is possible to efficiently 
recover power in the expander 6, and to recover more power from 
the refrigeration cycle by utilizing the power recover by the 
sub-expander 21 or 23 for generating electricity in the electric 
generator 24. 

Further, according to this embodiment, the compressor 
1 which compresses refrigerant and the expander 6 and the 
auxiliary compressor 10 which recover the power are separated 
from each other. The refrigeration cycle is switched such that 
the refrigerant is supercharged by the auxiliary compressor 10 
at the time of the cooling operation mode, and the refrigerant 
is super-pressurized at the time of the heating operation mode. 
With this structure, it is possible to allow the expander 6 to 
operate as a supercharging type expander which is suitable for 
cooling, and as a super-pressurizing type expander which is 
suitable for heating. 

Although the above embodiments have been described using 
the heat pump type cooling and heating air conditioner, the 
present invention can also be applied to other refrigeration 
cycle apparatuses in which the outdoor heat exchanger 3 is used 
as a first heat exchanger, the indoor heat exchanger 8 is used 
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as a second heat exchanger, and the first and second heat 
exchangers are utilized for hot and cool water devices or 
thermal storages. 

As described above, according to the present invention, 
it is possible to adjust the flow rate of refrigerant of an outlet 
of the expander by controlling the amount of refrigerant from 
the injection circuit, and to recover power efficiently. 
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